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National spent fuel policies
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Courtesy Areva

New Initiatives

Access to energy essential to quality of life
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Most oil production in the “Golden 
Triangle” in the Middle East

From Simmons & Company, International

Ultimately the geologists have it right:
traditional oil production will peak

Friday, April 21, 2006, spot oil prices hit $75/barrel—a new record

Also this week, President Bush complained to President Hu about 
China’s increasing demand for oil

1500 25002000

Oil in perspective
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Climate change is taking place

Estimated Change in Northern Hemisphere Temperature Since 1000 AEstimated Change in Northern Hemisphere Temperature Since 1000 ADD

Carbon based fuel use is growing

CO2 concentration 
In parts per million
Mauna Loa, Hawaii

~315

~365

25% of global 
carbon emissions 
are from US
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Why nuclear is green; why it’s not green enough

• Safe
• Potentially sustainable
• Minimal air emissions
• Readily expandable
• Minimal solid waste
• It’s now a “cool”

conversation topic
• Strong environmental 

endorsements
• Economically competitive

• Extractive industry
• Much remains to be 

proven
• Much remains to be 

implemented
• Lingering nonproliferation 

issues

US nuclear generation: 
104 reactors; 100 GWe; 2000 t SNF/year

Today’s operating 
plants are 
“Generation-ll”
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Conditions for nuclear to be a significant 
part of the 21st century energy mix

• Low carbon emission technology
• Affordable
• Expandable
• Sustainable
• Safe
• Accepted
• Doesn’t leave a mess
• Consistent with national and international policy

Nuclear generates most of America’s 
emission free electricity

Worldwide nuclear 
plants save more 
than twice the 
Kyoto carbon 
target annually.

In the US, nuclear 
plants avoid tons 
of emissions:

• 3.4 million tons of 
sulfur dioxide

• 1.1 million tons of 
nitrous oxides

• 700 million tons of 
carbon dioxide

Courtesy NEI and ENTERGY
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Consolidation of nuclear ownership

1990 2000 2005

• Corporate mergers and 
acquisitions

• Asset sales by companies 
desiring to exit nuclear 
ownership

Consolidation 
of Ownership

resulted

50 companies operated 
112 nuclear plants

Last 5 years
Substantial consolidation
Top 10 operators have 61% of nuclear market
Top 5 operators have 42% of nuclear market

27 companies operating 
103 nuclear plants

'82 '84 '86 '88 '90 '92 '94 '96 '98 '00 '02 '04

5560

657075

8085

9095Capacity Factor (%)

Nuclear power’s proven performance in USSource:  Energy Information Administration/Nuclear Regulatory Commission
92%Ownership consolidation a major factor in improved 

performanceIncreases in capacity factor at 103 plants in the last 15 years is equal to building026 new 1,000-MW plants
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0.252.1Industrial safety 
accident rate/200k-hr

07.3%Unplanned reactor 
shutdowns/7000 hr

90.5%56.3%Fleet average 
capacity factor

789 billion255 billionElectricity produced 
(kilowatt-hours)

10369No. of commercial 
reactors

Today1979Performance 
indicator

Performance improvements since 
President Carter’s administration

Nuclear energy is competitive
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Results of 7 recent forward cost studies

IAEA April 2006
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Nuclear energy has a strong safety record
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Nuclear Energy widely favored in USA
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Good news abounds

April 2006

Feb. 8, 2006

“The replacement of Britain's nuclear power stations is 
"back on the agenda with a vengeance,” Tony Blair, 
May 17, 2006

How to Fix America's Energy Crisis
Reader's Digest
October 2006
Nuclear power. Clean and 
economically feasible, spent nuclear 
power even retains 95 percent of its 
energy, which means
that by recycling used fuel, we could 
cut waste while powering up.

EPACT 2005 provisions for new plant construction

• Allows companies to 
establish funds and make 
contributions

• Allows transfer of 
nonqualified funds to 
qualified funds

Updates for treatmentDecommissioning 
funds

• Reauthorization for 20 
years

Liability insurancePrice-Anderson

• $500M for 1st 2 plants
• $250M for next 4 plants

Delay protectionRisk assurance

• Through 2021
• $125M/1000 MW per year
• 6,000 MW eligible
• IRS rule making:  February 

2006

$18/MW hrProduction tax 
credit

• Higher leverage
• Lower debt cost

80% of project costLoan guarantees



16

New Process

Combined 
Construction and 

Operating 
License

Operations

9 Years

Opportunity for public comment

Combined licensing process (10 CFR 52)

Standard
Design

Certification

Build
Plant

Early Site 
Permit *

*

ESP

D.C.

COL
ITAAC

Verification of 
Inspections, 

Tests, 
Analysis, and 
Acceptance 

Criteria**

Opportunity for hearing****** Necessary reform to attract financing

• Standardized designs based on 
modularization producing shorter 
construction schedules

• Passive or redundant systems 
to enhance safety

• Easier to protect from terrorist 
attacks

Designs competing for US market: 
Generation III & III+

1

3

2

4

5

6

7
8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

26

27

28

29

30

31

32

33

34

1 Reactor Pressure Vessel     18 HPCF Pump
2  Reactor Internal Pumps 19 RCIC Steam Turbine and Pump
3 Fine Motion Control Rod Drives 20 Diesel Generator
4 Main Steam Isolation Valves 21 Standby Gas Treatment Filter and Fans
5 Safety / Relief Valves 22 Spent Fuel Storage Pool
6 SRV Quenchers 23 Refueling Platform
7 Lower Drywell Equipment Platform 24 Shield Blocks
8 Horizontal Vents 25 Steam Dryer and Separator
9 Suppression Pool Storage Pool
10 Lower Drywell Flooder 26 Bridge Crane
11 Reinforced Concrete Containment  27 Main Steam Lines

Vessel 28 Feedwater Lines
12 Lower Drywell Equipment Hatch 29 Main Control  Room
13 Wetwell Personnel Lock 30 Turbine-Generator
14 Hydraulic Control Units 31 Moisture Separator Reheater
15 Control Rod Drive Hydraulic 32 Combustion Turbine-Generator

System Pumps 33 Air Compressor and Dryers
16 RHR Heat Exchanger 34 Switchyard
17 RHR Pump

Gen-III

ESBWR

ABWR
Advanced 
Boiling Water 
Reactor

EPR

Gen-III+

AP-1000
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U.S. nuclear industry—first movers for new build

Constellation
Calvert Cliffs

Southern
Vogtle

Southern
Hatch

Dominion
North Anna

TVA
Bellefonte

Entergy
Grand Gulf

Entergy
River Bend

Progress Energy
Florida Plant

Progress Energy
Harris

SCE&G
V.C. Summer

Constellation
Nine Mile

Duke 
Carolina Plant

NRG
South Texas

Amarillo 
Power

Amarillo

TXU
Multiple

Exelon
Texas

New Reactor Licensing Applications

201320122011201020092008200720062005

Design Cert

Design Certification
UniStar-Calvert Cliffs (MD) Hearing

UniStar-Nine Mile Pt (NY) Hearing

AP1000 Program Review

ESBWR Program Review

EPR Program Review

ABWR Program Review

Unspecified

2014

Design Certification

Dominion - North Anna (VA) Hearing
NuStart – Grand Gulf (MS) Hearing

Entergy – River Bend (LA) Hearing

Grand Gulf ESP Hearing

North Anna ESP Hearing

Vogtle ESP

Duke - Cherokee (SC) Hearing
Progress Energy - Harris (NC) Hearing

NuStart – Bellefonte (AL) Hearing

HearingSouth Carolina E&G-Summer
Progress Energy - TBD (FL) Hearing

Southern – Vogtle (GA) Hearing
Hearing

*  Schedules depicted for 
future activities represent 
nominal assumed review 
durations based on submittal 
time frames in letters of intent 
from prospective applicants.  
Actual schedules will be 
determined when applications 
are docketed.

Amarillo Power Hearing
Unannounced Applicant ESP Hearing

NRG Energy – South Texas Project Hearing

FPL No Site or Vendor Specified Hearing
Duke ESP Hearing
Duke ESP Hearing

Clinton ESP Hearing Unannounced Applicant COL Hearing

Unistar EPR – COL 3 Hearing
Unistar EPR – COL 4 Hearing
Unistar EPR – COL 5 Hearing

An estimated schedule by Fiscal Year

8/1/06

NRC’s estimated new plant licensing schedule

First new 
plants 
2014
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30 new nuclear plants in 2020?
New Eurostaf report says 78 additional GWe by 2030

NonNon--electricity applications of nuclear energyelectricity applications of nuclear energy

Reactor IHX

High Temp.
Gas Duct

Steam 
Reformer

•Sea-water desalination
•Industrial and district  

heating
•Hydrogen production

Kazakhstan, BN-
350

Transportation
15%

Heat
55%

Electricity
30%

Sokolov IAEA

Expandable to other applications
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Resources in United States

~2 Trillion BOE                              ~800 Billion BOE

BOE – Barrels of Oil Equivalent

Source: EIA, 2005

Reprocessing a logical option for growth

Spent Fuel Inventory - No Growth Scenario

0

50,000

100,000

150,000

200,000

250,000

300,000

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090

Year

M
as

s 
of

 S
N

F 
(M

TH
M

)

Once-Thru

Once-Thru & Reproc.

Single MOX

Transmuter Recycle



20

Requirements for sustainable fuel cycle

Nonproliferation 
transparency

Minimize environmental 
effluents

Develop geologic 
repositories

Recover uranium, 
plutonium and minor 
actinides

Stabilize 
waste

Deploy fast reactors

Global Nuclear Energy Partnership (GNEP)
A blueprint for nuclear sustainability

Source: www.gnep.energy.gov

The true nuclear renaissance
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Minimum conditions for a renaissance

• Continued safe and efficient operation of existing 
nuclear power plants

• Complete license extension and power uprate
• Construct, license and operate new units
• Reestablish industrial base
• Create a 21st century workforce
• Maintain public approval
• Complete the fuel cycle—get green
• Successful research, development and demonstration of 

advanced technologies to establish global leadership

Many changes in nuclear energy since 1986
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Managing used fuel in the renaissance

• Fix nuclear policies
– Remove the 70,000 ton cap
– Adopt recycle 
– Lose the EPA million-year criterion

• Engineer and license the repository by stages
– Expand to include larger area analyzed in 1999 EIS
– Design system for actual loading

• Apply advanced technologies
– Recycle uranium, immobilize waste, avoid proliferation

Nevada has 40 open-pit gold mines

• Up to 1600 feet below the water table
• After pumping stops, take decades to centuries to refill
• Groundwater evaporation rates ~300 million gallons per year
• Concentrate selenium, arsenic, heavy metals and acid
• Long-term impacts unknown:  NY Times, 12/30/05, “They will be 

like huge desert sponges, sucking from the aquifer eternally”

Barrick Goldstrike Mine, Nevada

Abandoned Pit Mine
refilling with water

Where is the 1-million 
year safety standard?
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Several options to increase capacity

• Use available land
• Multi-level
• Reprocess and 

transmute

EPRI presentation

Per Peterson, UC Berkeley

Senator Domenici’s Yucca Mountain Bill

• Authorizes DOE to withdraw 147,000 acres (BLM, 
USAF, NTS)

• Replaces arbitrary 70,000 ton capacity with scientifically 
based capacity

• Authorizes infrastructure construction after EIS
• Gives DOE authority to accept and store SNF

– Starts with defense waste and fuel
– After construction permit, legacy civilian fuel 

• Withdraws land for rail line
• Changes “standard contract” to 25 after start of 

operation
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Domenici’s bill, continued

• Takes Waste Fund off budget
• Requires NRC to accept legislation as satisfying waste 

confidence for new plant construction

• Basically the bill integrates YMP with GNEP and 
incorporates some recommendations of the National 
Academies’ 2003 report on “staging”

(Standard PWR 33GW/t, 10 yr. cooling)

1 tonne of SNF contains:

955.4 kg U
8.5 kg Pu

Minor Actinides (MAs)
0.5 kg 237Np
0.6 kg Am
0.02 kg Cm

Long-Lived fission
Products (LLFPs)
0.2 kg 129I
0.8 kg 99Tc
0.7 kg 93Zr
0.3 kg 135Cs

Short-Lived fission
products (SLFPs)
1 kg 137Cs
0.7 kg 90Sr

Stable Isotopes
10.1 kg Lantanides
21.8 kg other stable

Courtesy of Max Salvatores

Composition of Spent Nuclear Fuel
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Radiotoxicity of nuclear waste
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Massimo Salvatores

WNU Summer Institute

Heat load in a repository
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Inter-drift temperature for direct disposal
Computed Repository Temperatures for Direct Disposal of

25 Year Old, 50 GWD/MT PWR Fuel
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Limited by 96 C
Mid-Drift Temp. 
~1600 yrs

Limited by 200 C Drift 
Wall Temp. at Closure

Assumptions
Burnup: 50 GWd/MT 
Separation: 25 years
Emplacement: 25 years
Closure: 100 years

Potential Repository Drift Loading Increase

•Separation of Pu & Am 
allow for denser loading 
of the repository

-up to a factor of 6 
with 99.9% removal

•Subsequent separation 
of Cs & Sr  provides for 
much greater benefit

-up to a factor of 50 
with 99.9% removal

•Removal of Cm further 
increases the potential 
benefit (with Pu & Am)

-greater than a factor 
of 100 with 99.9% 
removal

•Appropriate waste 
forms are needed to 
take advantage of this 
potential

(Courtesy of R.Wiegland and T.Bauer, Argonne National Laboratory)

Massimo Salvatores

WNU Summer Institute

Nuclear energy policy remains controversial

If we’re to get in step with the world effort to reduce greenhouse gases, we 
are going to need to rely more, not less, on carbon-free nuclear energy.”
New York Times editorial April 26, 2006.
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US Nuclear’s 3 R’s

Reawakening

Resurgence

Renaissance

• Outstanding 
performance

• License 
extensions

• Power uprates

• Climate change

• Energy security

• New LWR plants

• Yucca mountain 
license

• Fuel cycle policy • US technology 
leadership

• Gen-IV reactors

• Recycle

~20
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